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ABSTRACT

To examine the possibility of protein recycling of shaving scraps containing chromium
generated from manufacturing process of leather, the optimum hydrolysis conditions and
the withdrawal methods of low molecular weight protein for using the liquid fertilizer
sources by investigation of solubilities of hydrolyzed protein, inorganic nutrients
contents and molecular weight distributions of hydrolyzed protein from shaving scraps
treated with mixed alkaline inducing agents and mixed alkaline proteolytic enzymes
including MgO were investigated.

In hydrolysis of shaving scraps treated with mixed alkaline inducing agents, the
solubility of shaving scraps were clearly different with 65~85% according to the sorts of
the inducing agents, and the degree of hydrolysis was high in the order of NaOH,
Ca(OH); and KOH. The average molecular weights of withdrawal hydrolyzed protein
were 10, 40 and 80 KD treated with NaOH, Ca(OH). and KOH, respectively. And the
chromium contents was about 15ppm.
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In hydrolysis of shaving scraps treated with mixed alkaline proteolytic enzymes, the
bility of shaving scraps were high in the order of alcalase, esperase and savinase. In ¢
of treating 0.5% alcalase, the low molecular weight of hydrolyzed protein could be
withdrawn. The solubility of the hydrolyzed protein was about 85%, the average
molecular weight of the protein was below 1 KD and chrome content of the protein was
below 10 ppm,

shaving scrap, alkaline inducing agents, alkaline proteolytic enzymes,
solubility, hydrolyzed protein, molecular weight.
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2.1 Shaving scraps

B A AR 34 YA g A
A A4 - FHID FAHAEGAANM sha-
ving machine& ¢]&3le] FAE 43l =
stz FHdd (FHE, wet blue) SHS
Ztoll = A4 MY shaving scaps
713Fed Tomas-Willy3 cutting millo}A] 1
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2. 2 Alkaline inducing agents
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2 3] Ca(OH),;, KOH, K.COs;, NaOH,
Na,CO; 5 47tel34 A% 35S 23]
o, 2a FHgd 3 FE el
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2. 3 Alkaline proteolytic enzymes

S PeEae
proteaseA] %] Savinase, Esperase % Alca-
lase (Novo Nordisk. Ltd.)& Ap&-3slgon,
2 B4 Table 13} e}, E4e] BAHAL
dimethyl casein (DMC)<& 7122 Algslg e
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Table 1. Characteristics of alkaline proteolytic enzy-
mes used in the experiment

; Optimum condition
Alkaline Sources P!
protease pH

Temperature

Savinase  Bacillussp. 9.0~10.0 50~60°C
Esperase  Bacillussp. 85~ 95 55~65°C
Alcalase  Bacillussp. 8.0~ 9.0 55~65°C
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alkaline inducing agents @ 0.5%~1.0%
alkaline proteolytic enzymes& w5 2 £
A2]e] 2J3] shaving scrapg 7H-Es) A ok

peieE @Al e A (LT
5, 1997)9} 2 e 3slglen, alkaline
inducing agents®] AH#lZ7-& Table 29} 7
o}



Table 2. The chemicals used to induce alkaline con-
dition

Elements  Alkaline inducing agents Content(%)

Mg*++ MgO 1.0~7.0
K+ KOH / K2COs 0.5~3.0
Na* NaOH / Na,COs3 0.5~3.0
Ca*tt Ca(OH), 0.5~3.0
2.5 Shaving scraps J}Eof E}H Zlo] EN

Shaving scraps22 HE| 3453 71433
B S ue, B 4% Y 4
D 2ESY B4 EA: AR (ALF 5,

1997) 9} & uhgo2 seic).
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Fig. 1. The solubility of shaving scraps treated with
different alkaline conditions in the presence of
7% MgO.

zel et al., 1956; Herfeld et al., 1966), =
Ay FA49e] B&d43 (swelling effect)
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A (Fig. 2B) °F 40KD, 7% MgO$} 3% KOH
£4-A2A] (Fig. 2C) % 80KDEA AR (4
F 5, 1997) A9 MgOtt 2522 Hestg
& 73F] B3l AEAsE Aoz Yeige
= alkaline inducing agents £§ol| w2 o
wzlel A£z13 AxE NaOH>Ca(OH).>
KOH&22A 7keEdde A%, & $8=7t
45 (Fig. 1) AEAe] 99as I58d 4
U=t

53] 7% MgO2t 3% NaOHE A2jste 3
43} hydrolyzed protein®] 2z} ¥ 9] (Fig.
2A)% ¥} alkaline inducing agents& x}&]3}
98 7% vsly GPC peak’} ¥ sharp
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Table 3. The elemental compositions of hydrolyzed protein extracted from shaving scraps under the various alkaline

conditions (Unit: mg/kg)

Alkaline conditions Cr Mg Ca Na K
7.0% MgO

+ 3.0% NaOH 15 19,463 14,991 40,384 -
7.0% MgO

+ 3.0% KOH 14 21,324 15,085 4,753 32,850
7.0% MgO

+3.0% Ca(OH), 15 18,729 19,076 5,506 -
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A 7% MgO+3% NaOH

20,96
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B : 7% MgO+3% KOH
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. 96R ©
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Fig. 2. The molecular weight distributions of hydrol-
yzed protein extracted from shaving scraps in
the presence of 7% MgO+3% NaOH(A), 7%
MgO+3% KOH(B) and 7% MgO+3% Ca
(OH)(C).
A : 7% MgO+3% NaOH
B : 7% MgO+3% KOH
C: 7% MgO+3% Ca(OH),

Shaving Scraps Z}+E2a5ff cHHZol M= 7

3.2.1 28l W3

Shaving scrap®Z €] hydrolyzed pro-
teingd &AE&AHo 2 3437 Yslod alkaline
proteolytic enzymes2 2 Alcalase, Savi-
nase % EsperaseZ- x2]3}¢] hydrolyzed pro-
tein] 35ES AEHGSH, olF 35
proteasetX- serine type¢] endopeptidase?] %
2z B HHEZALS AWHSE pH 8.0~
9.5, &= 55~65°Colr] Uiz 4F3e
@z e el

6% MgOE 7|22 3ld 3279 alkaline
proteolytic enzymes% 1% AR-3le shaving
scrap?] &3 =5 ZARE A= Fig. 304 1
T ovle} o] A FHlEa TR EAEE
Alcalase>Esperase>Savinasea-2.2 vjepyt
©n shaving scrapq &£3E% A7}A] pro-
tease BF ¢k 75% ojAbe 2 A Jeht} MR
(RAF 5, 1997)eMe] MgOqt @5 A3}
A& 73-Fol wBle] Zhg-Ea] Egol oF 15%
o] F7Hs

F49 AL hydrolysis time 60%7}A] &

100

e

b= 1.0% Savinsss
~——0—— 1.0% Alcalzse
—wt— 1.0% Esperasa

20

Solubility of shaving scraps(%)

0 2 1 : I 2 L 3 J

0o . 30 60 50 120 150 180 210 240
Hydrolysis time(min)

Fig. 3. The solubility of shaving scraps according to
hydrolysis time. The shaving scraps were treat-
ed with 1% proteolytic enzyme and 6% MgO.
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Fig. 4. The solubility of shaving scraps treated with
different alkaline conditions in the presence of
0.5% Alcalase.
A : 3% MgO+0.5% alkaline inducing agents+
0.5% Alcalase.
B : 6% MgO+0.5% alkaline inducing agents+
0.5% Alcalase.
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Fig. 5. The solubility of shaving scraps treated with
different alkaline conditions in the presence of
0.5% Savinase.
A : 3% MgO+0.5% alkaline inducing agents+
0.5% Savinase.
B : 6% MgO+0.5% alkaline inducing agents-+
0.5% Savinase.
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Fig. 6. The solubility of shaving scraps treated with
different alkaline conditions in the presence of
0.5% Esperase.
A 3% MgO+0.5% alkaline inducing agents—+
0.5% Esperase
B : 6% MgO+0.5% alkaline inducing agents+
0.5% Esperase
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ulmel] 6% MgO$2t 0.5% alkaline inducing
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ese £4 AFa A$ol= F49 A pH W
gl WY 2ADE 80~90% FFE 37t
e ¥e SAEE dehiglen, o2 o
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pHel 8.0~9.5 W2 AxHUY] WEd A
28 Azt

83 alkaline inducing agents ZFol w



2 431+ NaOH$9 Na,CO:Z H3de A
Sol] AubH oz gl

3.2.2 27|88 etz

6% MgOE 7|2o2 33 0.5%9 alkaline
inducing agents$} 0.5%2] alkaline proteoly-
tic enzymesS &4 x2l3-& o shaving scr-
ap2 2 e 3]43% hydrolyzed proteindl &
3T UE F71E FF2 Table 404 B
ukel o] Cr& 15ppmyi$], Mg 18,000~
20,000 ppm HHAL.

Mg$ ul$8 Ca, Na @ K |29 hyd-
rolyzed proteiny] 8k 2z} alkaline induc-
ing agents®] A2|gel oe vl Ao &
22 filtrationd} 2 Ee]-Q uhye] opd
jon exchange resing o]4-3}x= Wk =+
chelateol] &gt F713gE2 £& - AAzE
5 oheFgt 3ehA ol whye] ElFoief 3t
I EEREY

3.2.3 X2t 2%

Single triple helical 722 Ayl $-3] oy
A (bovine collagen)-2 I EA}egko] 277 KD

ok

o]

Shaving Scraps J}+235l EteXlol M= 9

1,000 KDl ]2+ Aoz o2fA 9}t Gela-
ting ®Agk =7)d] el large crossliked
aggregates (190 KD ¢]4}), large fragments
(95~190 KD), intermediate sized frag-
ments (50~95 KD) % small fragments (50
KD o]3}) 9] 47}4] typeo& ¥-{=vh

&
N
—— 6% MgO + 0.5% NaOH + 0.5% Alcalase
5 — = 6% MgO + 0.5% Ca(QH)g + 0.5% Alcalse
—a— 6% MgO + 0.5% KCH + 0.5% Alcalase
e 8% MgO +8.5% K004 +0.5% Akalass
....... 8% MgO » 0.5% Na,COy + 0.5% Acalase
4
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Fig. 7. The molecular weight distributions of hydrol-
yzed protein extracted from shaving scraps

Aoy, Aol ofgko R gelatind} iy treated with different alkaline conditions in the
resence of 0.5% Alcalase.
Y33 Fakzs)7k WA 100 KDAA A ’ ’
Table 4. The elemental compositions of hydrolyzed protein extracted from shaving scraps under the various alkaline
conditions (Unit : mg/kg)
Alkaline conditions Cr Mg Ca Na K
6.0% MgO+0.5%
NaOH+0.5%Alcalase 13 20,209 1,502 11,604 -
6.0% MgO+0.5%
Ca(OH),+0.5%Alcalase 17 18,074 10,675 5891 -
6.0% MgO+0.5%
KOH-0.5%Alcalase 15 18,836 5,856 6,202 5,239
6.0% MgO+0.5%
N2:CO3+0.5% Alcalase ! 17,941 2018 9018 -
6.0% MgO+0.5%
K;CO:-+0.5% Alcalase 9 19,792 4,121 5,332 3,902
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Table S. The molecular weight distributions of hydrolyzed protein extracted from shaving scraps (Unit: %)
Alkaline conditions 25KD 10KD S0KD 100KD <100KD
MgO 6+2 242 3748 2512 3042
MgO/Hydroxide 8+8 8+12 38+10 25+4 21£6
MgO/Carbonate 6+4 810 40+8 26+6 20+4
MgO/Hydroxide/ 98:+2 15405  05+0. - -
Protease
MgO/Carbonate 99:+1 09402  0.1£0.1 - -
/ Protease

6% MgOE 7|2 223} 0.5% alkaline
inducing agents % 0.5% alkaline proteoly-
tic enzymeX]&]o] @& hydrolyzed proteing]

A X Fig. 794 & vhe} o] GPC
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